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PHASE DISCONTINUITY COMPENSATION IN A BIT-ACCURATE 

OPTICAL DRIVE 

BACKGROUND OF THE INVENTION 
5 The invention relates to optical data storage. More specifically, the 

invention relates to a method for reading data from an optical storage medium 
such as a DVD or a CD. 

"Read/write" optical discs include optical discs that allow data to be written 
only once and optical discs that allow data to be written many times. A DVD+RW 
1 0 disc is a type of read/write disc that allows data to be written many times. 

When writing nevfho a reapHime disc, it is desirable not to create a 
frequency or phase discontinujly^tween the data being written ("new" data) and 
data previously written ("pkr data). A read/write drive might not be able to tolerate 
such discontinuitiesxluring readback of the old data and the new data. During 
15 readback. thex<^^scontinuities can cause problems for read clocks and data 
recovery^eircuitry. Consequently, the discontinuities can render portions of the 
read/^te disc effectively unreadable by the read/write drive. 

The problems resulting from these discontinuities may be overcome by the 
use of "edit gaps" (also known as "splice areas" and "buffer zones"). Edit gaps 
20 are spaces that separate data blocks. An edit gap provides a margin of error so 
that old data is not overwritten by new adjacent data. However, the use of edit 
gaps has its drawbacks. Storage capacity of the read/write disc is reduced 
because data is not stored in the edit gaps. 

Certain DVD read/write drives are capable of performing bit-accurate or 
25 linkless editing, whereby new blocks of data are written with negligible frequency 
or phase discontinuity with respect to adjacent previously written blocks of data. 
This bit accurate editing is accomplished by exploiting accurate timing information 
embossed in a high frequency wobbled groove in the read/write disc. The bit- 
accurate editing eliminates the need for edit gaps. 
30 During bit-accurate editing, non-negligible phase discontinuities between 

old data and new data may be created due to tracking offsets while writing, 
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asymmetric signal levels, etc. A phase discontinuity is illustrated in Figure 3. 
Marks to the left of a block boundary BB represent old data, and marks (in solid) 
to the right of the block boundary BB represent new data. Marks in phantom 
reflect the correct phase of the new data. 
5 If a phase discontinuity is encountered during readback. the read clock 

usually isn't able to track the new phase immediately. Instead, the read clock 
slews to the new phase. However, errors may occur while the read clock is 
slewing to the new phase. This may result in bit slipping, where the data recovery 
is misaligned by one or more bits. It may be a while before the read clock 
10 becomes realigned with the data having the new phase. Consequently, one or 
more lines of error correction capability might be lost. 

The loss of error correction capability can reduce margins during readback. 
Error correction capability allows drive manufacturers to reduce tolerances of their 
drives. Any readback errors that occur as a result of lower mechanical 
%\ 15 tolerances, lower quality of optics, etc., can be corrected by performing error 
4- ' correction. Thus, error correction capability allows the cost of .the drive to be 

reduced. Loosing error correction capability, on the other hand, forces the 
J=3 manufacturers to rely on higher tolerances. jaeaceT-4oss--of4erjiiL_£Qrrec^ 

i^i ^ca^ab itity ca n result in higher manufa cturingc osts,__ 

20 T he loss of error correctio n capability can also reduce data access tim e. If 

an error occurs during readback of a data block and that error cannot be 
corrected, the block will be re-read. Each re-read reduces data access time. 

Other formats such as CD typically overcome the phase discontinuity 
problems by including a preamble containing sync fields that allow the read clock 
25 to be synchronized with the new data block, For ROM compatibility reasons, the 
DVD+RW linkless format does not contain such sync fields. 

It is therefore desirable to mitigate the disruptive effects of phase 
discontinuities during readback of read/write optical discs. 



30 
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SUMMARY OF THE INVENTION 
According to one aspect of the present invention, actual header information 
of a data block is recovered from an optical disc. Header information for the data 
block is also synthesized. User data of the block is recovered and phase-shifted 
5 by a phase difference between the synthesized and recovered header 
information. By navigating through the phase discontinuities, disruptive effects of 
the phase discontinuities during readback can be mitigated. 

Other aspects and advantages of the present invention will become 
apparent from the following detailed description, taken in conjunction with the 
10 accompanying drawings, illustrating by way of example the principles of the 
invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an illustration of a DVD disc; 
15 Figure 2 is an illustration of a cross-section of the read/write disc; 

Figure 3 is an illustration of a phase discontinuity on the DVD disc; 

Figure 4 is an illustration of an RS-PC block; 

Figure 5 is an illustration of a sector in the RS-PC block; 

Figure 6 is an illustration of a method of reading a DVD+RW disc in 
20 accordance with the present invention; 

Figure 7 is an illustration of first and second signals that are phase shifted; 

Figure 8 is an illustration of a bit-accurate drive according to the present 
invention; 

Figure 9 is an illustration of portions of a tracking servo and wobble 
25 detection system and a data recovery circuit for the bit-accurate drive; 
Figure 10 is an illustration of a digitally shifted data; and 
Figure 11 is an illustration of an alternative arrangement for phase-shifting 
user data. 

30 
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DETAILED DESCRIPTION OF THE INVENTION 
As shown in the drawings for purposes of illustration, the present invention 
is described in connection with an optical bit-accurate read/write drive that can 
read data from a read/write optical disc, despite phase discontinuities between 
5 adjacent blocks of old and new data. The drive phase-shifts recovered user data 
to navigate through the phase discontinuities. Navigating through the phase 
discontinuities can mitigate disruptive effects such as loss of error correction 
capability. Mitigating the disruptive effects can reduce manufacturing cost and 
reduce the number of re-reads. 

10 In the paragraphs that follow, the read/write drive will be described as a bit- 

accurate DVD drive and the read/write optical disc will be described as a DVD 
read/write disc, which has a wobble embossed in its groove. The bit-accurate 
drive can determine address information from the wobble. The wobble provides 
sufficient timing accuracy to identify a fraction of a particular wobble cycle. The 

15 DVD drive may be a read-only drive or a read/write drive. First, a description of 
the DVD read/write disc will be provided, followed by a description of a data block 
format. After that, a method of reading the disc will be described. Then a 
description of the drive will be provided. 

Figures 1 and 2 show a phase-change DVD disc 10, hereinafter referred to 

20 as the disc 10. The disc 10 typically includes a rigid substrate that is coated with a 
recordable medium. The recordable medium may be made of a read/write 
material such as a phase change material. A spiral groove 12 is embedded in the 
disc 10. A laser beam may be used to heat and cool the recordable medium 
quickly to form marks having an amorphous state. The laser beam may also be 

25 used to erase the marks from the recordable medium by annealing the marks into 
a crystalline state. Data is represented by patterns of marks on the disc 10. 

The spiral groove 12 has a wobble. The wobble, which gives the spiral 
groove 12 a slight sinusoidal wave, modulates the laser beam. A bit-accurate 
drive, in turn, generates a precise high frequency timing signal from such a 

30 modulated laser beam. Low frequency addressing information may also be 
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imposed on the wobble (for example, by eliminating or inverting single wobble 
cycles in a pattern that conveys addressing information). The combination of the 
high frequency timing signal and the addressing information allows the bit- 
accurate drive to determine addresses of data blocks being read from the disc 10. 
5 Figures 1 and 2 merely provide illustrations for facilitating an understanding 

of the disc 10; they do not show the disc 10 in detail or proper scale. For instance, 
pitch of the spiral, the thickness of the groove 12. the frequency of the wobble, 
etc.. are not illustrated to scale. 

Reference is now made to Figures 4 and 5. which show a format for a 
10 typical block 50. The block 50 includes sixteen data sectors 52, each sector 52 
having a length of two kilobytes (that is, "2K"). Each 2K sector includes a twelve 
byte header 54. The header 54. in turn includes a four byte sector address (ID), a 
two byte error detection code (lED) for the sector address and six bytes of 
1=^ reserved bits (RSV). Each sector also includes 2048 bytes (DATA) reserved for 

%l 15 randomized user data 56, and a four byte error detection code (EDC) 58 for the 
randomized user data. 

The 2K sectors 52 are arranged into 32K blocks of user data. ECC 
^ encoding is performed on each 32K block of user data. Reed-Solomon Product 

ll Code ("RS-PC") encoding is typically used in DVD drives. Columns 60 of RS-PC 

20 codewords (i.e., redundancy data) are appended to the user data. Rows 62 of 
□ RS-PC codewords are interleaved with the sectors. The resulting RS-PC block 50 

is typically 208 lines long and 182 bytes wide. 

The RS-PC block 50 is modulation encoded prior to storage on the disc 10. 
A typical modulation code is a 2:10 Run Length Limited code. During typical 
25 modulation encoding according to a DVD format, each byte of the RS-PC block 
50 is replaced by a 16-bit symbol codeword. In addition to symbol codewords, 
the modulation-encoded block includes sync codewords. A sync codeword is 
typically inserted after every ninety one symbol codewords. Length of a typical 
sync codeword is four bytes. 
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Information is modulation-encoded as changes in polarity. Polarity refers to 
the high/low reflectivity characteristic of the disc 10. The polarity itself does not 
carry information; only the changes or transitions in polarity carry information. 

When the block is written to the disc 10. lines or rows are usually laid down 
5 successively in the spiral groove 12. The lines or rows usually begin at the center 
of the disc 10. 

Figure 6 shows a method of reading a block of data from the disc 10. The 
data block currently being read will be referred to as the "current" block. The 
data block that was previously read will be referred to as the "previous" block. To 
10 help explain this method, it will be assumed that the previous block was read and 
that a read clock was properly aligned with the data in the previous block. It will 
also be assumed that a phase difference exists between the previous and current 
^fl blocks and that the read clock cannot be aligned instantaneously with the current 

l.i: block when the current block is recovered. Instead, the read clock slews over a 



JiJ 1 5 time constant to the phase of the current block 

=p Before the current block is read from the disc 10 (while the previous block 

is being recovered), the address of the current block is determined (step 102). 
Q The address may be determined from the wobble information that is embossed in 

g " the disc 10. The address is used to synthesize a first sector address (ID) and an 

I" 

y 20 error detection code (lED) of the current block (block 104). 

When the current block is read, the data sectors are recovered from a 
readback signal. After the ID and lED of the first data sector are recovered (block 
106), but before the user data of the first data sector is recovered (block 110), a 
phase difference, if any, between the recovered ID:IED of the first data sector and 
25 the synthesized ID:IED of the current block is determined (block 108). A phase 
difference of A clock cycles is illustrated in Figure 7. A synthesized signal is 
denoted by reference numeral 80, and a recovered signal Is denoted by reference 
numeral 82. 

The user data of the first data sector is recovered (block 110) and the 
30 recovered user data is phase shifted by the amount of the phase difference (block 



-6- 



PATENT 
PDNO 10990815-1 

112). If, for example, a phase difference of A=2.71 clock cycles is detected, a 
combination of analog and digital techniques may be used to phase shift the user 
data. An analog correction may be performed by delaying the recovered user 
data for a period of 0.71 cycles, and a digital correction may be performed by 
5 addressing the third bit of the recovered user data as the first bit, addressing the 
fourth bit as the second bit, etc. 

As the user data of the first data sector is being recovered, the phase 
difference is faded or decayed to zero. Typically, the phase difference will decay 
to zero during recovery of the first data sector. However, the actual rate of decay 
10 should depend upon how fast the read clock can slew to the phase of the current 
block. Thus, the phase difference is continually reduced, fading to zero by time 
the read clock has slewed to the new phase. The rate of decay should depend 
upon the characteristics of the read clock. 

The remaining data sectors in the block are then recovered (block 114). 
15 Typically, the user data in the remaining data sectors will not be phase-shifted 



ill 



ill 

y 



unless there is an edit point between sectors). 

After the user data of the entire block has been recovered, demodulation 
and ECC correction are performed (block 116). These steps (102 to 1 16) may be 
repeated for each additional block that is read from the disc (block 118). 

Jjf 20 Determining the phase difference (step 108) becomes complicated 

o 

Q because there is usually no unique signal pattern associated with any particular 

ID:IED sequence. The modulation-encoding scheme has a built-in flexibility to 
reduce low frequency content of the recovered signal. Therefore, a modulated 
IED:IED sequence may be represented in different ways. 

25 The correct modulated sequence may be determined by deriving all 

possible candidates corresponding to the known ID:IED sequence and then 
comparing each candidate signal to the recovered ID:IED. The candidate 
providing the best match is selected. 

If, however, the modulation-encoding format specifies exactly how the first 

30 six bytes are modulation-encoded (for instance, by a previously agreed-upon 
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convention), then the complication is removed. The address determined from the 
high frequency wobble may be modulation-encoded according to the specified 
format. 

Reference is now made to Figure 8. which shows a bit-accurate read/write 
5 drive 14 that can navigate through phase discontinuities encountered during read 
operations. The drive 14 includes a controller 16 for communicating with a host 8 
(e.g.. a personal computer). The drive 14 is operable in a read mode. If the drive 
is a read/write type, it can also be operable in various write modes such as a 
write-append mode and an insert-edit mode. 
10 The drive 14 includes a spindle motor 18 and motor control 20 for rotating 

the disc 10. The drive 14 further includes an optical pickup unit 22, which typically 
includes a laser for generating a laser beam B1; and means (e.g., an optics 
assembly and photodetector array) for detecting a modulated beam B2. The 
f=i: optical pickup unit 22 generates an electrical readback signal RBK carrying data 

:l; 15 and timing/addressing information as polarity changes. 

=p A laser driver 26 drives the laser of the optical pickup unit 22. A processor 

23 receives the readback signal RBK from the optical pickup unit 22. 
P A tracking servo and wobble detection system 24 receives the readback 

l2 signal RBK from the processor 23. The tracking servo and wobble detection 

y 20 system 24 processes the readback signal RBK to obtain addressing information 
p and generate a precise high frequency timing signal. Under command of the 

controller 16, the tracking servo and wobble detection system 24 also moves the 
optical pickup unit 22 along the disc 10. 

The bit-accurate drive 14 derives timing accuracy from the timing signal. 
25 The bit-accurate drive 14 also has the ability to unambiguously identify particular 
cycles in the timing signal. Generation of the timing signal is disclosed in 
assignee's U. S. Patent No. 6,046,968. the specification of which is incorporated 
herein by reference. 

Particular cycles of the reference signal may be unambiguously identified 
30 by. for example, a systematic arrangement of inverted or missing wobble cycles, 
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aligned with data sectors (e.g., in sync codewords). The ability to identify 
particular patterns of inverted or missing wobble cycles allows data sector 
addresses to be located. 

A data recovery circuit 28 also receives the readback signal RBK from the 
5 processor 23 and recovers data from the readback signal RBK. A decoder 30 
demodulates the recovered data, arranges the demodulated data in error 
correction code ("ECC") blocks in RAM 32. and performs error correction on the 
ECC blocks. The error-corrected data is sent to the host 8. In the alternative, the 
demodulated data may be sent directly to the host 8. which performs the error 
10 correction. 

Figure 9 shows portions of the tracking servo and wobble detection system 
□ 24 and portions of the data recovery circuit 28 in greater detail. The data 

recovery circuit 28 includes a slice generator 202 that captures slices of the 
readback signal RBK. An output of the slice generator 202 provides a recovered 
15 signal REC. 

P The recovered signal REC is supplied to a read clock generator 204. The 

read clock generator 204 may include a phase-locked loop for locking a clean 
clock to the recovered signal REC. An output of the read clock generator 204 
provides a read clock CLK. 
20 The tracking servo and wobble detection system 24 includes a wobble 

ri detector 206 and a wobble address decoder 208. The wobble detector 208 

generates wobble data WDAT and a wobble clock WCLK. The wobble address 
decoder 208 may include a sync generator and a high frequency clock phase 
locked loop for decoding the wobble clock WCLK and wobble data WDAT into an 
25 address ADR. 

The tracking servo and wobble detection system 24 further includes a 
timing and pattern generator 210. The pattern generator 210 receives an address 
ADR from the wobble address decoder 208, determines an error detection code 
for the sector address, and generates the possible candidates that could 
30 represent the ID and lED of the first data sector of the block being read. 
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The candidates CAND and the recovered signal REC are supplied to a 
phase shift analyzer 212. The phase shift analyzer 212 compares the candidates 
to the recovered ID:IED of the first block header, and selects the phase difference 
between the best candidate and the recovered ID:IED. The candidates may be 
5 compared by comparators such as conventional phase detectors, and the best 
candidate may be selected by a simple correlation technique (e.g.. summing 
together analog signals representing the candidate pattern and the recovered 
ID:IED). The phase shift analyzer 212 may decay the phase difference over time. 
The phase shift analyzer 212 supplies the fractional portion of the selected 
10 phase difference to an analog delay 214, which delays the recovered signal REC 
by the fractional portion of the phase difference. The variable delay 214 may 
include a multiplexer and different delay lines having different delay times. The 
multiplexer selects the delay lines and thereby selects intervals for which the 
slices will be delayed. 

15 A latch 216 samples the signal provided by the variable delay 214. An 

output of the latch is supplied to memory 218 (e.g.. a shift register, a buffer), 
where compensation for the integer portion of the phase shift is performed. If the 
pi phase shift indicates a shift of 2.71 clock cycles, the phase shift analyzer 212 

l2 causes the stored data to be shifted by two bits. This shift may be performed by 

20 treating the third bit of data in the memory 218 as the first bit, the fourth bit as the 
Q second bit and so on (see Figure 10, where numeral 302 denotes unshifted data 

and numeral 304 denotes shifted data). 

Data is sent from the memory 218 to the decoder 30 for demodulation into 
data words (for example, the recovered data is converted from 16-bit symbols to 
25 8-bit data words). The decoder 30 also arranges the data words in ECC blocks in 
RAM 32. and performs error correction on the ECC blocks. 

Thus disclosed is a method and apparatus for navigating through phase 
discontinuities during readback of data blocks on a read/write disc. Navigating 
through the phase discontinuities can mitigate disruptive effects such as loss of 
30 error correction capability. Mitigating the disruptive effects can reduce 
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manufacturing cost and the number of re-reads. The method and apparatus 
avoid the use of edit buffers. Thus, the phase discontinuities are corrected 
without reducing disc storage capacity. 

If the block is generated according to a format in which each sector is 
5 written independently, then all sectors in a block may be checked for phase 
discontinuity. DVD-RAM is such a format. 

Although the user data may be phase-shifted by delaying the user data, as 
shown in Figure 9. the user data may be phase-shifted in other ways. For 
example, the user data may be phase-shifted by variably delaying the read clock 
1 0 (instead of the user data), as shown in Figure 1 1 . 

The sequences that are compared are not limited to the sector address 
i;i (ID) and error detection code (lED). Instead, the sequences may include only the 

sector address (ID). A transition occurs on the average of every four channel 

til 

M code bits. Therefore, the four byte sector address (ID) would provide, on the 

Jii 15 average, about sixteen transitions in each sequence. However, sequences 
=f: including both the sector address (ID) and error detection code (lED) are 

" preferred because the average number of transitions is higher. Adding the error 

O detection code (lED) would add, on the average, another eight transitions to each 

iJf sequence. Increasing the number of transitions increases the accuracy of 

y 20 correlating the recovered and synthesized sequences and thereby determining 
the phase difference. To this end, if the six bytes of reserve bits (RSV) are set to 
a known value, the sequences may include the sector address (ID), error 
detection code (lED) and reserve bits (RSV) of the header and thereby have an 
even higher number of transitions. 
25 The invention is not limited to the specific embodiment described and 

illustrated above. Instead, the invention is construed according to the claims that 
follow. 
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